Background: Adherence is a major determinant of the effectiveness of antiretroviral therapy (ART). We determined the association between self-reported adherence (SRA) and medication possession ratio (MPR), a pharmacy-based adherence measure, and their respective associations with viral load. Methods: Adherence to ART was assessed by MPR over 6 months and by self-report which included a question with a Likert-type scale response, a visual analogue scale (VAS), and an inquiry about the last time the patients skipped any prescribed medications. Results: Taking MPR as the ''gold standard,'' all 3 SRA measures displayed high specificity but low sensitivity. The prevalence ratio (95% confidence interval) for viral load 50 copies/mL was 2.19 (1.07-4.50) for MPR <90%, 1.98 (1.04-3.78) for poor/fair/good versus excellent/very good ability to take antiretroviral drugs, 1.47 (0.79-2.75) for skipping medications within the past 2 weeks, and 2.51 (1.39-4.53) for VAS <95%. Conclusion: These data suggest various SRA measures hold clinical value in screening for poor ART adherence.
Introduction
Adherence to a medication regimen has been defined as the extent to which patients take the medication as prescribed. 1 High levels of antiretroviral therapy (ART) adherence are needed to reach long-lasting viral suppression, and many studies have underscored the important role of adherence to ART medications in the treatment of HIV infection. [1] [2] [3] [4] [5] [6] Furthermore, inadequate adherence can lead to the selection of drug-resistant strains of HIV that could be transmitted to uninfected or treatment-naive individuals. [7] [8] [9] [10] Although there is no gold standard to measure adherence, several methods have been described. 1, [11] [12] [13] Two of the most common approaches for ascertaining adherence in clinical settings are patient self-report and pharmacy-based metrics. Self-reported adherence (SRA) measures are easily administered but less sensitive than pharmacy-based measures and tend to overestimate true adherence; however, SRA for assessing adherence is simple, correlated with virologic outcomes, and may be more efficiently implemented in routine clinical practice. 14, 15 In a closed pharmacy system, prescription records can be used to calculate surrogate measures of adherence, such as medication possession ratio (MPR), which have been correlated with biological and clinical outcomes. 1 However, calculation of pharmacy-based measures of adherence, such as MPR, is not feasible in many clinical settings. Therefore, it is important to determine the degree to which SRA measures capture adherence behavioral information relative to pharmacy-based measures. This study aimed to gain new insights into the associations between SRA and MPR, and between both approaches to measurement of adherence and viral suppression, including the novel evaluation of the use of successive questionnaires in enhancing the sensitivity to adherence assessment. 
Methods

Study Setting
Study Design
This was a cross-sectional study within the UAB 1917 Clinic Cohort.
Study Population and Sampling
The study population was composed of HIV-infected patients receiving care at the UAB 1917 Clinic, who met the following inclusion criteria: First, patients had to be on ART 6 months before their index date (i.e., the date of the most recent visit in the database); we further restricted inclusion to patients whose index date fell within the period ranging from July 1, 2011, to July 29, 2012. Second, patients must have completed all 3 self-report measures of adherence as captured through the CNICS protocol (see study variables section). Third, patients were required to have viral load results available within 30 days of their index date. Fourth, patients had to be receiving ART medication exclusively from the 1917 Clinic's Pharmacy through the federally funded AIDS Drug Assistance Program (ADAP), which provides HIV medications to qualifying HIV-infected individuals 18 ; this requirement allowed for the estimation of MPR based upon pharmacy refill records. Finally, medication refill data had to be available from the clinic's pharmacy records to calculate patients' MPR.
Study Variables
The study variables included demographics (age, sex, and race), medical history (study entry viral load and CD4 count values closest to study entry [À180 days to þ 90 days], HIV risk factors), current medical information (viral load, CD4 counts, ART drugs, and substance use), and adherence information.
Self-Reported Adherence
The SRA assessment was captured via electronically administered patient-reported outcome questionnaires completed on touch screen computers during regular HIV medical provider visits through the CNICS protocol. 17 We used the following 3 SRA measures: (1) An item with a Likert-type response, ''In the past 4 weeks, how was your ability to take all of your anti-HIV medications that were prescribed by your doctor?'' with possible answers very poor, poor, fair, good, very good and excellent. In a recent study, this measure performed favorably in the prediction of adherence-related clinical outcomes, such as HIV viral load and CD4 count, when compared to other SRA tools. 19 (2) A last skipped dose inquiry: ''When was the last time you missed any of your medications?'' with possible answers within the past week, 1 to 2 weeks ago, 2 to 4 weeks ago, 1 to 3 months ago, more than 3 months ago, and never skip medication. This question is part of the Adult AIDS Clinical Trials Group adherence assessment questionnaire and has been used in prior studies. 17, 20 
Pharmacy Refills
The co-located pharmacy at the UAB 1917 Clinic dispenses medications with a 30-day supply. For each patient in the sample, data on pharmacy refills over the 6-month period preceding the index date were used to calculate MPR expressed as a percentage. This adherence indicator corresponds to the percentage of days during which patients are in possession of their medications. MPR is thus calculated by the formula MPR ¼ total number of days' supply obtained between the first and last fill, not including the last fill, divided by number of days between first and last fills. 13, 21, 22 Based on this definition, MPR values may be greater than 100% (eg, if patients refill before their medication supply runs out). In the present analyses, MPR values greater than 100% were truncated to 100%.
Data Collection
We manually extracted medication refill dates from the pharmacy dispensation records. All other variables, including demographics, medical information, and SRA, were extracted from the electronic database of the 1917 Clinic Cohort. The administrative cutoff date for data collection was July 29, 2012.
Data Analyses
Descriptive statistics including means, medians, ranges, and visual depictions of study variables were calculated and distributions were evaluated to confirm that they conformed to the assumptions of statistical tests employed. The MPR was used as the adherence ''gold standard'' and the screening performance (sensitivity, specificity, and positive and negative predictive values) of each of the 3 SRA measures was determined. We also performed a 3-step sequential screening for poor adherence using first the Likert-type item, then the ''last skipped dose,'' and finally the VAS. Patients who test negative on one measure (good adherers) were further screened by the next test, in order to increase the sensitivity of SRA. When all 3 tests were applied, only patients with high adherence to all measures were considered ''negative'' (ie, good adherers), whereas patients who test positive for at least one test were considered ''positive'' (poor adherers; Figure 1 ).
Based on data distribution in the current population and previously published studies, 1, 2, 17, 18, 23, 24 we categorized adherence variables as follows: MPR was categorized as <90% (poor adherence) or !90% (good adherence); the Likert-type item (ability to take HIV medications in the past 4 weeks) was categorized into 2 groups (1) excellent, very good and (2) good, fair, poor, very poor; the last skipped dose was also categorized into 2 groups (1) at least 2 weeks ago and (2) within the past 2 weeks; and the VAS (SRA on a 0-100 scale) was also categorized into 2 groups (1) ''VAS !95%'' (good adherence) and (2) ''VAS <95%'' (poor adherence). We used the chi-square to test for independence between SRA variables and dichotomized MPR.
The crude and adjusted associations between measures of adherence and viral load were assessed using log binomial regression to compute prevalence ratios (PRs Step 3: Screening by the "visual analogue scale"for adherence to ARVs during the last month
Step 4: Screening by all self-report measures combined
Step 1: Screening by the Likert item (ability to take ARVs during the last month)
Step 2: Screening by the "last time medication skipped" recommended in lieu of odds ratios for cross-sectional studies with common outcomes. Viral load was categorized as ''undetectable'' (<50 copies/mL) or ''detectable'' (!50 copies/mL). Our first multivariate model adjusted for race, gender, age, depression, substance abuse, alcohol use, and HIV risk factors. Baseline viral load and CD4 values were not included in the model because these variables are likely in the causal pathway of the relationships between adherence to antiretroviral (ARV) drugs (exposure) and viral suppression (outcome). We then ran a second model whereby baseline viral load and CD4 were adjusted for. The results of these 2 models are provided in Table 1 and Supplemental Table 1 , respectively. All analyses were performed in SAS 9.3 (SAS Institute Inc., Cary, North Carolina). P values .05 were considered statistically significant.
Ethics
This study obtained separate approval from the UAB Institutional Review Board to review cohort records from the parent protocol.
Results
Overall, 269 patients met study eligibility criteria and were included in the analyses. The mean age was 42.3 years (standard deviation ¼ 9.3). Most patients were males (87.4%) and 48% were white. A majority (69.0%) of patients had a baseline CD4 count greater than 350; 85.5% had a baseline viral load of less than 50 copies/mL. Apart from ''current substance abuse,'' which was more common among patients with MPR of less than 90%, there were no statistically significant differences in the distributions of demographic and clinical characteristics between the 2 categories of MPR (<90% versus !90%; Table 2 ). The median MPR was 88.7% (25th-75th percentiles 71.0%-98.9%); 130 patients (48.3%) had an MPR value greater or equal to 90%. For the Likert-type item, 88.1% of patients (n ¼ 237) reported an excellent or very good ability to take their HIV medications during the last 4 weeks. For the last skipped dose, 78.8% of patients (n ¼ 212) had not skipped their medications in the past 2 weeks by self-report. On the VAS, 75.5% of patients (n ¼ 203) had an SRA of 95% or greater. There were significant associations between all 3 SRA measures and MPR (Table 3 ). Furthermore, the median MPR values were significantly higher for ''good adherers'' compared with ''poor adherers'' on each of the SRA measures (Supplemental Table  2 ). When MPR was used as the ''gold standard,'' the sensitivity was 0.19, 0.27, and 0.34 for the Likert-type item, the last skipped dose, and the VAS, respectively. The corresponding specificity was 0.95, 0.85, and 0.85, respectively. The sequential testing using the 3 SRA measures led to a sensitivity of 0.43 and a specificity of 0.78 (Figure 1) . The proportion of patients with a detectable viral load (>50 copies/mL) on their index date was 12.6% (n ¼ 34). The adjusted PR for detectable viral load was 2.19 (95% confidence interval [CI]: 1.07-4.50), P ¼ .03, for an MPR of less than 90% versus MPR greater than or equal to 90%. For the Likert-type item, the adjusted PR for detectable viral load for very poor, poor, fair, and good versus excellent and very good was 1.98 (95% CI: 1.04-3.78), P ¼ .04. For the last skipped dose, the adjusted PR for <2 weeks'' versus !2 weeks was 1.47 (95% CI: 0.79-2.75), P ¼ .22. For the VAS, the adjusted PR for <95% versus !95% was 2.51 (95% CI: 1.39-4.53), P ¼ .002. For sequential testing using all 3 SRA measures, the adjusted PR was 1.80 (95% CI: 0.98-3.31), P ¼ .06 (Table 1 ). Supplemental Table 3 provides the PR described previously when adjusted variables include baseline viral load and baseline CD4 count.
Discussion
In the current analysis, we assessed the associations between pharmacy-based adherence and 3 SRA measures as well as their respective associations with virologic outcomes. The SRA was significantly associated with the MPR. However, each of the 3 SRA measures had a low sensitivity when MPR was used as gold standard but high specificity. The sequential combination of the 3 SRA measures led to an improvement in sensitivity but a decline in specificity. High adherence values by MPR, the Likert-type item, and the VAS were each associated with undetectable viral load.
The associations between an objective metric (MPR) and subjective (SRA) adherence measures suggest that the latter has clinical value in monitoring ART adherence. Similar findings have been reported for antihypertensive medications in the elderly individuals. 25 Compared to MPR, SRA yielded many false negatives in the screening for poor adherence, hence the low sensitivity. This finding is consistent with numerous findings of the propensity of patients to overreport their adherence to medications due to social desirability. 26, 27, 28 However, the specificity of self-reported nonadherence was relatively high, suggesting that any report of nonadherence by SRA is clinically meaningful and should lead to further adherence discussions between care providers and patients.
The MPR was significantly associated with viral load after adjustment for potential confounders; an MPR of less than 90% was associated with 2-fold higher prevalence of a detectable viral load (!50 copies/ mL). This finding is consistent with previous studies reporting the value of MPR as a determinant of virologic outcomes. 2, 22, 23 Among SRA measures, the Likert-type item and the VAS were significantly associated with a detectable viral load. These findings reiterate associations between SRA and MPR that were noted previously and corroborate the value of SRA in clinical settings. As many HIV care settings lack a closed pharmacy system, SRA represents a relatively simple approach to assessing ART adherence in clinical care settings, with immediate feedback available to providers to facilitate education and counseling with patients.
Using adherence measures to predict virologic failure has been under consideration for use in low-resource settings where the measurement of viral load is not frequently performed. 24 However, even in venues where viral load testing is available, our findings provide evidence for the utilization of the Likert-type item and the VAS in routine clinical practice; patients may be screened for adherence interventions using poor reported adherence with these measures. It is essential to screen for poor adherence and implement interventions prior to the development of viral load failure, which represents the biological correlate of the nonadherence behavior. As a novel contribution, we demonstrate the combination of several SRA measures enhances sensitivity, which may have added clinical value.
Our study has limitations that should be taken into account when interpreting study findings. The sample was composed of ART treatment experienced patients for whom we assessed adherence over the 6 months prior to an arbitrary selected index date. Most of these patients (85%) had a suppressed viral load (<50 copies/mL) at study entry, suggestive of a high level of baseline adherence. Thus, the consequences of nonadherence may be less tangible, compared to patients initiating ART, or among a sample with a lower baseline prevalence of viral suppression. Moreover, adherence to ART has been shown to change over time, 26, 27 so a longer observation period with repeated adherence assessment may be warranted in future studies. Patients had to renew their ADAP benefit eligibility every 6 months to ensure uninterrupted coverage. In our sample, patients received medications through the ADAP program during the 6 months assessed; we were not able to ascertain that patients received uninterrupted benefits of ADAP enrollment during the entire period. This may indicate an underestimation of MPR because of loss of ADAP coverage (not a deliberate nonadherence behavior). However, because patients without prescription medication access are likely to discontinue ART, the MPR metric remains appropriate in our assessment. This observational study is unsuited to establish a causal relationship, and reverse causality cannot be ruled out. Although we adjusted for potential confounders in our multivariate models, residual confounding may still affect our results.
We also note several study strengths. Our sample was drawn from persons completing adherence questionnaires in the context of routine primary HIV medical care, whereas most prior studies recruited more selected samples for participation in distinct research protocols. Our assessment of adherence embedded in routine care speaks to the generalizability and applicability of our findings to real-world treatment settings. Moreover, we focused our evaluation on ADAP clients, an understudied group with important policy implications due to the number of persons living with HIV infection who receive medications through this program. Finally, most prior studies have evaluated adherence questionnaires in isolation, recognizing the high specificity of self-reported tools. This was corroborated by our study. As a novel aspect, we demonstrated that the successive use of SRA measures could enhance sensitivity, albeit modestly, and may open the door for future approaches to using such tools in clinical care settings to enhance the identification of patients with suboptimal adherence who may benefit from enhanced counseling or available adherence interventions.
In conclusion, we found significant associations between SRA and MPR approaches to measuring ART adherence. The sensitivity of the SRA measures in detecting poor adherence compared to MPR was low but the specificity high. The sequential combination of the 3 self-report measures led to a modest increase in sensitivity. Consistent with previous studies, low MPR values (<90%) were associated with detectable viral load. Among SRA measures, significant associations with virologic outcomes were observed for the Likert-type item and the VAS. These results suggest that SRA measures may be useful in clinical practice, given their association with the objective MPR, their good specificity, and their association with viral load. In particular, any self-reported nonadherence is an important clinical indicator that should prompt education, counseling, and adherence intervention, in an effort to enhance ART adherence behavior prior to the advent of the biological sequelae of detectable viral load with potential for ARV resistance. Abbreviations: MPR, medication possession ratio; ARV, antiretroviral drugs; PPV, positive predictive value; NPV, negative predictive value. a Row percentage.
